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1 . Title of the Invention: Discharge Excitation Short-Pulse Laser Device 

2. Scope of the Claim of the Invention 

(1) A discharge excitation type of a short pulse laser device, characterized by the fact that 

a first main discharge electrode is mounted in the longitudinal direction to the axial direction of 
the laser light in the laser gas current, 

a second main discharge electrode having a plurality of perforated parts is mounted 
opposite the first main discharge electrode, 

a dielectric layer is deployed tightly attached to the back surface of the second main 
discharge electrode, 

and an auxiliary electrode is deployed opposite the second main discharge electrode 
tightly attached to this dielectric; 

wherein a heat radiating fin is deployed at least for said auxiliary electrode or said 
dielectric, 

using a construction comprising a pulse circuit enabling to apply a pulse voltage between 
said main discharge electrodes, wherein said pulse circuit is formed as a part of this construction, 
or this pulse circuit is formed independently; 

equipped with a circuit enabling to apply voltage between said auxiliary electrode and 
said second main discharge electrode. 

(2) The discharge excitation type of a short pulse laser device described in claim 1, 
characterized by the fact that a heat radiating fin is mounted in the laser gas current. 

3. Detailed Explanation of the Invention 

(Sphere of Industrial Use) 

The subject of this invention is a discharge excitation type of a short pulse laser, in 
particular it relates to cooling of the electrode part of the laser. 

(Prior Art Technology) 

Figure 4 shows a profile view explaining one example of an excimer laser device 
according to a conventional discharge excitation type of a short pulse laser device. As shown in 
the figure, (1) is a source of high voltage, numbers (2), (5), and (7) indicate capacitors, (3) is a 



high resistance resistor, (4) is a switch, (6) is a coil, (9) is a first main discharge electrode 
mounted in the longitudinal direction of the axis of the laser light (vertical direction to paper 
surface) deployed in a current of laser gas, (8) is a second main discharge electrode, that is to say 
a perforated electrode provided with openings which has a part provided with multiple openings 
and which is mounted opposite the first main discharge electrode (9), (1 1) is a dielectric which 
deployed so that it is tightly attached to the back surface of perforated electrode (8), (10) is an 
auxiliary electrode positioned opposite perforated electrode (8), mounted so that it is tightly 
attached to this dielectric (1 1), (12) is a heat exchanger, (13) is a fluid guide, (14) is a fin, (15) is 
a laser housing unit, (16) is an insulator, (17) is a space for the main discharge, and arrow (18) 
indicates the direction of the laser gas. 
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In addition, Figure 5 shows a top view of said perforated electrode (8) seen from the main 
discharge space (17). Number (19) indicates in this figure the perforated part. 

The following is an explanation of the operation. 

The circuit system will be explained first. When a charge is furnished from a high-voltage 
source (1 1), the charge will be first stored in capacitor (2). Next, switch (4) is activated so that 
the electric charge which has been stored in capacitor (2) will be transferred to capacitor (5) 
through switch (4) setting the conductive state from capacitor (2) continuing through a grounding 
line to capacitor (5) and coil (6), and furnishing charge stored in capacitor ( 2) to capacitor 
(5). Accompanying this prompt transfer of the electric charge will be a sudden increase of the 
voltage in the space between perforated electrode (8) and the first main discharge electrode (9) 
(hereinafter referred to as the electrode space between the main discharge electrodes) and 
perforated electrode (8) and auxiliary electrode (10) (hereinafter referred to as the electrode space 
between the auxiliary electrodes). Because the initial voltage of the auxiliary electrodes is lower 
than the initial voltage of the main discharge electrodes, first, an auxiliary discharge will be 
initiated on the surface (electric discharge along the surface area) of dielectric (1 1) in the 
perforated part (19) created in perforated electrode (8). One part of the electrons generated by this 
auxiliary electrode and electrons generated by ionization with ultraviolate light rays emitted from 
the field of the electric discharge will be used to create a homogenous glow state of the main 
discharge. Next, the main discharge generated in the main discharge space (17) in a pulse form 
will excite a laser medium and laser light rays will be fetched as a result of this. The pulse width 
of this laser light is determined by the pulse width of the main discharge. To give an example, 
this will correspond to several tens of nsec in an excimer laser at the point when 1 short pulse of 
the laser is created. A common thyratron type can be used for switch (11) with a laser pulse 
oscillation frequency in the range of several Hz to several kHz. Normally, a repeating speed of 
several hundred Hz can be used. 
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The fluid system will be explained next. Because the main discharge electrode space (17) 
in which the main discharge is generated in a pulse form will be generally in an unstable state 
from the viewpoint of thermal energy and from the viewpoint of the distribution of the electric 
charge, the next pulse main discharge can easily create an arc and the laser gas thus must be 
replaced in the main discharge space (17) before the main pulse discharge is generated. Because 
of that, a heat exchanger (12) is deployed in order to prevent increased temperature caused by the 
discharge of laser gas, together with a fluid guide (13) and fin (14), creating a construction 
wherein the flow rate in the space of the discharge enables a high speed of the gas current (18), 
normally several tens m every second. 

The cooling of perforated electrode (8) and dielectric (1 1) can be accomplished in this 
prior art example only by the heat transfer with natural convection in back face space (12) via the 
back face of auxiliary electrode (10) and with the turbulence heat transfer in said gas current (18). 
On the other hand, the space in which the auxiliary discharge and the main discharge is generated 
along the surface on the side of perforated electrode (8) will form a surface to which heat will be 
input. 

If one attempts to calculate the order of heat input by using excimer lasers as an example 
while taking into account a laser pulse energy of 200 mJ/pulse and a machine type which has a 
mean output of 200 W with a repeating speed of 1 kHz, the normal laser oscillation efficiency 
will be 1%. Therefore, the energy stored in capacitor (2) will correspond to 20 kW. If the ohmic 
loss in the circuit system is about a half, 10 kW will be input to the gas. This means that the 
result .will be on the order of several hundred W even if the heating source is formed in the part 
of perforated electrode (3), which means that barely several % of the total is achieved. 

On the other hand, if one attempts to calculate also the turbulence heat transfer conditions - 
(for instance as described by Yoshiro [illegible last name], in Heat Transmission Equipment, 
published by [illegible name of the publishing house], 116 (1982)), by using Kalman's analog 
method based on Nusselt's number (expressed as N u x ), Reynold's number (expressed as Re X ), 
Prandtl's number (expressed as P r ), local heat transmission rate (called h x ), heat conductivity of 
fluids (expressed as X He ) with helium gas can be used for test calculations( because helium 
composition represents at least 90% of a common excimer laser), at the end of the gas current 
flow period of perforated electrode (8), the local heat transmission rate can be calculated by using 
all the following variables with the distance (expressed as x) up to upper part of perforated 
electrode (8): 

[insert Formula (1) and formula (2) at the bottom of page 452] 

The pressure of He can be set to 3 atmospheres, which corresponds to normal operating 
pressure of excimer lasers, and the gas flow rate can be set to a normal flow rate of 20 m/sec for 
an excimer laser, the width of the shape of perforated electrode (8) can be set to 0.06 m, and the 
length in the direction of the optical axis of the laser rays to 0.6 m. Assuming a distance x of 0.03 
m, that is to say when a central point is set for the electrode with, Reynold's number (R e x ) will 



5 



correspond to 1.6 x 10 4 . 
[page 453] 

In addition, because Prandtl's number (expressed as P r ) for gases corresponds to 0.7 for helium, 
resulting in heat conductivity of 0.13 kcal/mhr °C, this means that local heat transmission rate n x 
can be calculated as 2.8x 10 2 kcal/m 2 °C. 

Assuming that the difference between the temperature of helium gas and the temperature 
of perforated electrode (8) is for example 20 °C, the quantity of heat that will be removed will 
correspond to about 200 W, which is only about the same or less than the above described heat 
input. 

In addition, if this set temperature difference is 20 °C and perforated electrode (8) is 
manufactured for instance from nickle (because this is the most desirable material for excimer 
lasers), since its linear expansion coefficient is 0.15 x 10" 4 , perforated electrode (8) will be also 
expanded by 0.2 mm. Since a perforated electrode is generally used with a construction wherein 
it is tightly attached to dielectric (11), so called "cambering" will be displayed due to this 
elongation in perforated electrode (8) and dielectric (11) as the attachment of dielectric (1 1) to 
perforated electrode (8) will not occur smoothly. 

(Problems To Be Solved By This Invention) 

Because discharge excitation laser devices of the short-pulse type according to prior art 
were characterized by the above described construction, when the repeating speed was increased 
in order to increase the mean laser output and heating was applied to perforated electrode (8) and 
dielectric (11), this would result in rupturing of dielectric (1 1) due to thermal stress and " 
cambering of perforated electrode (8). And because this in turn resulted in an uneven length of 
the gap between the main discharge electrodes, the problem was that an arc of the main discharge 
electrode could easily occur in this manner. 

The purpose of this invention is to resolve the above mentioned problem area with a 
simple method enabling cooling of the perforated electrode and of the dielectric to make it 
possible to obtain a discharge excitation type short-pulse laser device enabling stable operations 
even when the repeating speed of laser oscillations is increased. 

(Means. To Solve Problems) 

According to the discharge excitation short-pulse laser device of this invention, a first 
main discharge electrode is mounted in the longitudinal direction to the axial direction of the 
laser light in the laser gas current, a second main discharge electrode having a plurality of 
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perforated parts is mounted opposite the first main discharge electrode, a dielectric layer is 
deployed tightly attached to the back surface of the second main discharge electrode, and an 
auxiliary electrode is deployed opposite the second main discharge electrode tightly attached to. 
this dielectric; wherein a heat radiating fin is deployed at least for said auxiliary electrode or said 
dielectric, using a construction comprising a pulse circuit enabling to apply a pulse voltage 
between said main discharge electrodes, wherein said pulse circuit is formed as a part of this 
construction, or this pulse circuit is formed independently; equipped with a circuit enabling to 
apply voltage between said auxiliary electrode and said second main discharge electrode. . 

(Operation) 

The heat radiating fin of this invention, which will be described in more detail later, 
provides an optimal cooling effect for the perforated electrode and for the dielectric. 

(Embodiment) 

The following is an explanation of one embodiment of this invention based on the 
enclosed figures. Figure 1 (a) [on the left side] shows a profile view indicating one embodiment 
of this invention, while Figure 1 (b) [on the right side] shows a profile view of a section of the 
main part of Figure 1 (a) indicated in the upper part of the figure. As shown in the figure, 
[illegible number] is a heat radiated fil mounted in this example on auxiliary electrode (10). 

The operation will be explained in detail next. Perforated electrode (8), dielectric (11) and 
auxiliary electrode (1) form from the viewpoint of thermal structure a layered construction 
consisting of 3 layers. If for example nickle is used for perforated electrode (8) and auxiliary 
electrode (10) and aluminum is used for dielectric (10), the value of the overall coefficient of 

A O 

thermal conductivity will be on the order of 10 kcal.m hr°C. As was explained above, this is 
greater by two digits than the thermal conductivity of the helium gas in perforated electrode (8). 
Accordingly, the cooling accelerating stage enables to provide an optimal effect thanks to the 
thermal conductivity transition of the laser gas, as was explained above, more than 90% when for 
example helium is used in an excimer laser. Moreover, to make it possible to realize a simpler 
method, it is desirable to use a coolant in the electrode containing a laser gas, while the 
temperature can be also controlled with heat exchanger (12). First, if a ratio n is set for the gas 
flow rate and Reynold's number is multiplied n times, even if the resulting thermal conductivity 
equals approximately n, the problem is that the pressure loss in the discharge space (17) equals n 2 
(because it will be proportional to the square of the flow velocity). 

An example of the cooling of auxiliary electrode (10) will now be considered. As was 
explained above, due to a high thermal conductivity in the space of [illegible] plates of auxiliary 
electrode (10) and dielectric (1 1) and perforated electrode (8), a sufficient cooling effect can be 
achieved in perforated electrode (8) and dielectric (1 1) when cooling is applied to auxiliary 
electrode (10). 
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In order to do that, a heat radiating fin (20) is mounted on auxiliary electrode (10), so as 
to conduct the current of laser gas to this laser radiating fin (20). Assuming a surface area A of 
the auxiliary electrode (10), the surface area of the remaining part which is not provided with a 
fin (i) is expressed as Aq, while a part of A is provided with fin (20), while the total surface area 
of fin (20) is expressed as Af and the thermal conductivity of the surface of the fin is expressed as 
h 0j then the thermal conductivity coefficient can be expressed according to the following 
formula: 

[page 454] 

[see Formula (3) in the left top corner of page 454] 

The value of the fin effect, which will be called r\ here, will be determined by the thermal 
conductivity coefficient of the material of fin (2) and by the thermal conductivity coefficient on 
the surface of fin (2), by the thickness of fin (20) and by the height of fin (20). As one can see 
from Formula (3), when the shape of the fin is chosen so as to increase r|Af, this will make it . 
possible to maximize the value h. An example of this concept will now be explained. 

If the profile surface area of auxiliary electrode (10) is selected similarly to the surface 
area of perforated electrode (8) with a width of 0.06 m, a length of 0.6 m is selected in the axial 
direction of the laser light, and 200 plates of discharge fins (20) which are 0.02 m high and 0.5 
mm thick are deployed at an interval of 2.5 mm in a direction orthogonal to the laser light, A 0 
corresponding to 0.03 m and Af corresponding to 0.48 m will be created. In addition, if nickle is 
used as the material of this fin and the gas flow velocity of the gas passing through the fin part 
(20) is 20 m/sec, according to Yoshiro Kodo, (Theory of Thermal Conductivity, [illegible name 
of the publishing house], p. 27 (1982), the thermal conductivity coefficient of the surface of fin 
(20) will be created with a fin efficiency r| of 0.86 and it will thus be determined as 2.6 x 10 2 
kcla/m 2 , Therefore, since the thermal conductivity ratio h will be determined in accordance with 

3 2 

formula (3) as 3.2 x 10 kcal/m , this means that the prior art example is improved by as much as 
1 digit. 

The operation will be explained next. Since the operation of the circuit system has been 
already explained in Figure 4, this part will be omitted from the explanation provided for Figure 
1. 

First, laser gas will be circulated with fin (14). The gas discharged into the main 
discharge space (17) is cooled to a specified temperature by heat exchanges (12) and then it is 
returned again to the main discharge space (17). However, one part of this gas will be supplied to 
the part of heat radiating fin (20) which is deployed on the back surface of auxiliary electrode 
(10) so that cooling will be applied via auxiliary electrode (10) in dielectric (11) and perforated 
electrode (8). The gas will be mixed again with the gas which has passed through main discharge 
space (17) and discharge fin part (20) and it will be conducted to heat exchanger (12). 
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In this embodiment, the thickness of perforated electrode (8) was 0.5 mm, the thickness 
of the dielectric (11) was 2 mm, and the thickness of the auxiliary electrode (10) was 1 ram, 
while the values used for the profile surface area of each electrode, for the size of fin (20), and 
for the gas flow velocity were calculated according to the above explained method for calculation 
of thermal conductance coefficient. 

When no heat radiating fin (20) was deployed while oscillations were generated with a 
laser pulse energy of 100 mJ/pulse by using an excimer laser with 3 atmospheres (He : Xe : CI = 
0.15 : 0.75 : 99.1), an irregular gap length was obtained between the main discharge electrodes 
due to cambering caused by the thermal expansion of perforated electrode (8) at the stage when 
the repeating speed was 300 Hz. While a glow form of the discharge and a filament form of the 
discharge occurred, the filament shape of the discharge was not generated in this example until 
the repeating speed of 400 Hz, which proved the efficiency of this cooling method. Needless to 
say, this difference is likely to be even more conspicuous when the repeating speed is increased 
again on the order of a kHz. 

Figure 2 shows another embodiment of this invention. In this embodiment, main 
discharge space (17) and heat radiating fin (20) parts are arranged in series in the gas flow 
channel. Accordingly, while in the case in which both parts were arranged in parallel as shown in 
Figure 1, the gas current quantity of fin (14) had to be increased only by an amount 
corresponding to the gas current passing through the heat radiating part (20), the gas current 
quantity can be left as is in the present embodiment form and the discharge pressure of fin (14) 
must be increased. The type of mode that is used will be more or less determined by the 
capability of fin (14). 

Figure 3 shows a profile view indicating a heat radiating part according to yet another 
embodiment of this invention. Auxiliary electrode (10) is embedded in this embodiment in the 
inner part of dielectric (1 1). Because this construction is used, heat radiating fin (20) is mounted 
in dielectric (1 1). Metal can be used in this case as the material of heat radiating fin (20) in spite 
of the dielectric. 

Furthermore, although the explanation of each of the excimer lasers above pertained to an 
excimer laser, this invention is applicable also to for instance to TEA C02 lasers or other 
discharge excitation types of short-pulse lasers, while the same effect will be achieved as in the 
above explained examples. 

Further, so called punching metal or mesh, etc., can be used for perforated electrode (8) 
and in addition to the circular shape of the perforated part (19) it is also possible to use an 
elliptical shape, or a polygon shape, etc. 

(Effect of the Invention) 

As was explained above, according to this invention, a first main discharge electrode is 



arranged in the longitudinal direction to the axial direction of laser rays in a laser gas current, a 
second main discharge electrode having a plurality of perforated parts is arranged opposite the 
first main discharge electrode, a dielectric is arranged closely attached to the back surface of this 
second main discharge electrode, an auxiliary electrode is deployed opposite this second main 
discharge electrode and a heat radiating fin is deployed at least for said dielectric or auxiliary 
electrode; 

[page 455] 

using a construction comprising a pulse circuit enabling to apply a pulse voltage between said 
main discharge electrodes, wherein said pulse circuit is formed as a part of this construction, or 
this pulse circuit is formed independently; equipped with a circuit enabling to apply voltage 
between said auxiliary electrode and said second main discharge electrode, which makes it 
possible to cool with optimal efficiency said dielectric and second discharge electrode with a 
simple method. The resulting effect is that stable operations can be achieved with a discharge 
excitation type of a short-pule laser device even when the repeating speed of the laser oscillations 
is increased. 

4. Brief Description of Figures 

Figure 1 shows a profile view explaining one embodiment of this invention, wherein 
Figure 1 (a) [on the left] shows a profile view indicating one embodiment of this invention, while 
Figure 1 (b) [on the right] shows a profile view of a section of the main part of Figure 1 (a) 
indicated in the upper part of the figure. Figure 2 shows a profile view explaining another 
embodiment of this invention, Figure 3 shows a profile view indicating a heat radiating fin part 
according to yet another embodiment of this invention, Figure 4 shows a profile view explaining 
a discharge excitation type of a short-pule type of an excimer laser device according to prior art, 
and Figure 5 shows a top view of the second main discharge electrode shown in Figure 4 shown 
from the main discharge space. 

In these figures, (8) is a second main discharge electrode, (9) is a first main discharge 
electrode, (10) is an auxiliary electrode, (1 1) is a dielectric, (18) is an arrow indicating the 
direction of the current of a laser gas, (19) is a perforated part, and (20) is a heat radiating fin. 

Also, the same codes are assigned to the same or corresponding parts in each figure. 



Representative: Masuo Oiwa, patent attorney. 
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Figure 2, Figure 3, Figure 4, and figure 5 

Continuation from page 1 : 

(72) Inventor:. Gen Nakatani 

c/o Mitsubishi Electric Corporation, Itami Plant 
Amasaki-shi , Tsukaguchi Honcho, 8-chome, 1-ban, 1-go 
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Procedural Amendment (Voluntary) 
Date: March 6, 1985 

To: Commissioner of the Japanese Patent Office 

1 . Indication of the Item: Patent Application Number Sho 59-239268 

2. Title of the Invention: Discharge Excitation Short Pulse Laser Device 

3. Amending Party 
Relationship to the Item: Patent Applicant 

Address: Tokyo-to, Chiyoda-ku, Marunouchi ni-chome, 2 -ban, 3-go 

Name: Mitsubishi Electric Corporation (601) 

Representative: Jinpachiro Katayama 

4. Representative 

Address: c/o Mitsubishi Electric Corporation 

Tokyo-to, Chiyoda-ku, Marunouchi ni-chome, 2-ban, 3-go 

Name: Masuo Oiwa, patent attorney [personal seal] 

[illegible line] 

[illegible date stamp] 

5 . Subj ect of the Amendment 

(1) The column "Detailed Explanation of the Invention" 

(2) Figures 

6. Content of the Amendment 

(1) Line 16 on page 3 of the Specifications, which reads "the initial voltage of the auxiliary 
electrode is lower than the initial voltage of the main discharge electrode" is corrected to "the 
voltage at the beginning of the discharge of the auxiliary electrode is lower than discharge 
voltage at the beginning of the main discharge electrode". 

(2) * Line 7 ~ line 8 on page 4 of the Specifications, which reads "switch (1 1)" is corrected to 

"switch (4). 



Line 18 ~ line 19 on page 5 of the Specifications, which reads "Tusselt's number 
corrected to "Nusselt's number". 

Figure 4 is amended as per a separate appendix. 

List of Enclosed Documents 

Figure (Figure 4) 1 copy 
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